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A STUDY OF THE ESCAPE OF CERCARIAE FROM 
THEIR SNAIL HOSTS* 

William W. Cort 

During the summer of 1920 while studying at the University of 
Michigan Biological Station at Douglas Lake, Michigan, I undertook 
a series of experiments on the escape of cercariae from their snail 
hosts. The object of these experiments was to determine the numbers 
of cercariae escaping from snails infested with trematodes and the 
times at which these cercariae made their escape. Four species of 
cercariae were studied, viz.: (1) Cercaria elephantis Cort (1917), a 
schistosome cercaria with eyespots from Planorbis trivolvis Say; (2) 
Cercaria emarginatae Cort (1917), a forked tailed cercaria with a 
pharynx from Lymnaea emarginata angulata Sowerby; (3) an unde- 
termined echinostome cercaria from Physa ancillaria parkeri Currier, 
and (4) an undetermined stylet cercaria from the same host. Most of 
the studies were made on the escape of Cercaria elephantis from 
Planorbis trivolvis, the small number of experiments on the other 
three species of cercariae being carried out near the end of the work to 
obtain some comparative data. 

In order to determine which snails were infested with the cercariae 
the following simple method was used : A collection of about 100 
specimens of a given species of snail would be brought into the labora- 
tory late in the afternoon. These snails were then divided into groups 
of four or five and the groups placed in separate wide mouthed six or 
eight ounce bottles about one-third full of water. The next morning 
some of the water from these bottles was examined in a watch glass 
under a dissecting microscope. If any cercariae had escaped they could 
be easily seen and the groups containing infested snails determined. 
These groups were then redivided, only one snail being placed in a 
bottle, and by further examinations the individual snails infested were 
determined. Examination of the water from negative groups was 
repeated late in the afternoon to catch any cercariae which escaped only 
in the daytime. When a high percentage of snails were infested no 
preliminary division was made, the snails being immediately placed in 
separate bottles. 

With the infested snails isolated it was possible to pour off the 
water from around them at definite intervals and count the cercariae 
given off during certain definite periods. A new supply of water was 



* A contribution from the Department of Medical Zoology of the School of 
Hygiene and Public Health of the Johns Hopkins University and from the 
University of Michigan Biological Station. 
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TABLE 1. — Data on the Escape of Cercaria elephantis 

FROM PLANORBIS TRIVOLVIS 
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then poured into the bottles and the process repeated as desired. Of 
course it is possible that all cercariae free in the water would not be 
poured out, but the bottles were thoroughly rinsed each time the water 
was poured off and in all cases the treatment was the same, so that 
this hardly seems to be an important source of error. For counting 
enough formalin was mixed with the water to kill the cercariae and 
they were counted in a ruled Syracuse watch glass under a dissecting 
microscope. By this method it can be determined how many cercariae 
escape from a particular snail during a given period and whether they 
escape at regular intervals or in cycles. 

The Numbers of Cercariae Escaping from Snails 

The data obtained in regard to the escape of Cercaria elephantis 
from Planorbis trivolvis are included in Table 1. On examining this 
table, one is struck with the large numbers of cercariae which must 
escape from an infested snail of this species during the course of a 
summer. The data do not give accurate information on this point, 
since the length of the period of cercaria-production in any one snail is 
not known. The experiments give records of cercariae escaping from 
snails III and IV for periods extending over about a month. The 
record is more complete for snail IV, from which cercariae escaped as 
follows: (See Table 1)— July 7, 372; July 8, 680; July 9, 568; 
July 10, 673; July 16, 234; July 17, 324; July 21, 447; July 22, 263; 
August 6, 69. The small number of cercariae escaping from this snail 
on August 6 may indicate that the period of cercaria-production was 
nearing its end. This conclusion does not necessarily follow, however, 
since snail IV by August 6, was in an advanced stage of starvation, 
which may have influenced the number of cercariae produced. These 
nine records which are scattered through the month give an average 
per day of 400 cercariae escaping. For the period of 31 days, during 
which this snail was observed, this would give a total of about 12,400 
cercariae, which may be taken as an approximation of the number of 
cercariae which escaped from this snail during the month. A single 
month certainly does not represent the total period of cercaria produc- 
tion in this snail, since the number was at its height when the observa- 
tions started. 

Further, in some of the other snails the numbers of cercariae escap- 
ing each twenty- four hours were much larger, as for example snails I 
and II (see tables 1 and 3). These figures give some idea of the 
enormous numbers of cercariae of this species which would escape into 
a body of water containing only a relatively small number of infested 
individuals of Planorbis trivolvis. 

When the records of the escape from their snail hosts of the other 
three species of cercariae studied are examined, the numbers involved 
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are even more striking (see Table 2). For example, in the case of snail 
IV of the stylet cercaria series over 3,000 cercariae escaped on 
August 14, and in the Cercaria emarginatae series over 5,000 cercariae 
escaped from snail V on August 16 (see Table 2). These findings 
emphasize the enormous reproductive wastage in the development of 
cercariae in the digenetic trematodes, which is necessary on account of 
the great difficulty that they experience in reaching their final hosts. 



TABLE 2. — Data on Escape from Snail Hosts of Three Cercariae 
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TABLE 3.— Summary of the Numbers of Cercaria Elephantis Escaping 
from Six Specimens of Planorbis Trivolvis 



Periods 


I 


II 
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VI 
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2109 
1427 
1896 
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774 
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15 
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97 
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6318 


3012 


974 


2190 
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1480 







Variations in Different Snails of the Same Species 

In the twelve specimens of Planorbis trivolvis from which the escape 
of Cercaria elephantis was recorded, there is seen to be a considerable 
variation in the numbers of cercariae coming out from the different 
individuals (see Table 1). This point is clearly illustrated from the 
records of snails I to VI for the four day period from 6 p. m., July 6, 
to 6 p. m., July 10. The summary of these data (Table 3) shows a 
great variation in the output of cercariae from these six snails, which 
during this period were subjected to exactly the same conditions. 
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That there is a definite relation between the numbers of sporocysts 
present in a given snail and its output of cercariae was shown by dis- 
sections of snails I, V and VI of this series. The comparison of the 
conditions of the livers of snails I and V, which represent the extremes 
of cercariae output, was most interesting. Both of these snails were 
cut open in such a way that the liver was not broken. In both cases 
the sporocysts were limited to the liver. The liver of snail I was of a 
uniform pale yellow color, while that of V had a mottled appearance, 
dark patches being interspersed among the yellow. When the livers of 
these two snails were carefully examined, it was found that in I all the 
tissue was packed with a dense mass of tangled sporocysts which had 
practically replaced all the liver substances. The number of the sporo- 
cysts was so great and they were so densely packed and tangled that it 
was impossible to count them. In snail V it was found that the lighter 
areas were made up of a large number of sporocysts, but that they were 
not so densely packed or tangled and that the dark areas between were 
composed of liver substance which had not been invaded by sporocysts. 
An estimate of the numbers of sporocysts in these two snails gave I 
about ten times as many as V, which agrees with the difference in the 
number of cercariae which escaped. The dissection of snail VI showed 
that its liver had a somewhat mottled appearance, as in V, but that the 
dark areas were much smaller, and that the crowding of sporocysts was 
not nearly as great as I. Therefore VI showed an intermediate condi- 
tion between I and V. 

In a later dissection an attempt was made to count the number of 
sporocysts in the liver of snail VIII. This count gave approximately 
200 sporocysts in this one snail. In the period just before the dissection 
was made from 3 p. m., July 16, to 6 a. m., July 17, which apparently 
represented a complete 24-hour cycle for this snail, 337 cercariae were 
given off. The data given above show that it is possible to correlate 
the numbers of cercariae given off from any snail with the numbers 
of sporocysts in its liver. 

While the data available are not so extensive the individual varia- 
tions in the output of the other cercariae studied are just as striking as 
in the case of Cercaria elephantis (see Table 2). For example, in the 
stylet cercaria series there is a big difference between I and IV. In the 
case of C. emarginatae there is the most striking variation in the whole 
series in the comparison of II, with a daily output of between 100 and 
200, and V, of which is given a record of over 5,000 cercariae given off 
in one 24-hour period (see Table 2). 

Variations in Cercariae Escaping from the Same Snail 

From Table I it will be seen that there was a considerable variation 
on different days in the number of cercariae escaping from the same 
snail. Of course, variations would be expected in the numbers of 
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cercariae coming to maturity in the liver of a snail from day to day, 
and there possibly might have been a small variation due to errors in 
counting. It is further evident that in the cercaria-producing period of 
a given infested snail there would be an early period of small cercaria 
production and a period near the end when the numbers would be 
diminished. It also seems probable that the great reduction in the 
cercariae escaping from snails III, IV, IX and XI after August 5 was 
due to the fact that these snails were badly starved, it being difficult to 
give them sufficient food under the conditions of the experiment. 

It was found also that the temperature of the environment very 
significantly affected the numbers of cercariae escaping from the snails. 
On the night of July 5 the temperature dropped to 39.5 F. and the 
morning of July 6 was cold and rainy. On this day, from 9 a. m., to 
6 p. m., only 281 cercariae are recorded as escaping from snail I, as 
compared with between 1,000 and 2,000 on warmer days. During the 
other days of the experiment there was a fairly uniform temperature, 
and no other such marked variations were noted. 

To test by experiment the effect of low temperatures on the escape 
of the cercariae the bottles containing snails IV, XI and XII were kept 
in water from a well at a temperature ranging from 58 F. to 63 F. from 
8 : 30 p. m., July 19, to 6 p. m., July 20. As shown on the records for 
July 17 (Table 1), the cercariae were accustomed to escape from these 
three snails from 6 a. m. to 6 p. m. Therefore, these snails had been 
kept at low temperatures for the whole night before their cycle usually 
commenced and during one complete cycle. Examinations were made 
during this day and it was found that the escape of the cercariae was 
almost completely inhibited (see records for July 20 on Table 4). 
From 8 a. m. to 6 : 45 p. m. on June 20 only 22 cercariae escaped from 
snail IV; 18 from XI, and 5 from XII, as compared with the normal 
cycle on July 17, when during approximately the same period 323 
cercariae were recorded from IV, 147 from XI and 94 from XII. At 
6 p. m. on July 20, the bottles were removed from the cold water and 
as the temperature at this time was 74 F. they soon warmed up. This 
increase in temperature was immediately reflected in the escape of 
cercariae, as is shown by the records from 6: 45 p. m. to 9: 30 p. m. and 
from 9: 30 p. m. to 6: 30 a. m. (see Table 4 records for July 20 and 
21), since in all three of these snails there was a considerable number of 
cercariae found at a time when in their normal cycle practically no 
cercariae would escape. The cycle of escape of cercariae then resumed 
its daylight character, as is shown by the records from July 21 and 22. 
This experiment showed that a temperature only slightly below normal 
will inhibit the escape of cercariae from their snail hosts. It therefore 
seems probable that temperature is an important factor in regulating the 
escape of cercariae from their snail hosts. The investigations just 
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recorded are merely suggestive and should be carried out much further 
for various species of cercariae. Judged from these findings, however, 
it may well be that the infectivity to man of waters in which live snails 
that harbor the cercariae of the human schistosomes, may be found to be 
profoundly influenced by temperature. 

The Time at Which Cercariae Escape from the Snails 

Early in my work on the escape of Cercaria elephantis from 
Planorbis trivolvis, I found that the escape of the cercariae did not 
extend over the whole 24 hours, but that there were periods when they 
escaped in numbers followed by periods during which none escaped. 
In other words, the escape came in waves recurring every 24 hours 
and covering only a part of this period. Perhaps the most surprising 
rinding was that the time of these waves differed in different snails, in 
some occurring in the daytime and in others at night. Further, it was 

TABLE 4. — Number of Cercariae Escaping from Three Snails, Kept at a 

Temperature Ranging Between 58° and 63° F., from 8:30 P. M., 

July 19, to 6 P. M., July 20 



Day 

July 20 

July 20 

July 20 

July 20 

July 20-21 

July 21 

July 21 

July 21 

July 21 

July 21 

July 21-22 

July 22 

July 22 

July 22 



Hour 


IV 


XI 


8 a m - 12 n 


14 


11 


12 n - 3 p m 


7 


2 


3 pm - 6:45 p m 


1 


5 


6:45 p m -9:30 pm 


88 


69 


9:30pm -6:30 am 


82 


71 


6:30 a m -9 a m 


86 


41 


9 a m - 12 n 


121 


100 


12 n - 3 p m 


106 


96 


3pm -6:45pm 


118 


115 


6:45 p m -9:30 pm 


16 


27 


9:30 p m -6:45 am 


17 


21 


6:45 a m -9:30 am 


74 


62 


9:30 am - 12 n 


30 


no 


12 n -3pm 


49 


87 



XII 



2 
2 
1* 

5<i 
13 
31 
57 
61 
163 
16 
7 

28 
50 
87 



* End of period in cold water. 

found that the time of these waves suffered but slight change on the 
different days on which a given snail was studied. For example, in 
snail I the escape of the cercariae came in the daytime and was pretty 
largely limited to a period from 6 a. m. to 6 p. m., with the largest 
numbers escaping from 9 a. m. to 3 p. m. This cycle remained con- 
stant during the seven days in which this form was studied. In II the 
period extended from about 3 p. m. to midnight; in III from about 
6 p. m. to 3 a. m. ; in IV from about 6 a. m. to 6 p. m. ; in V from about 
6 p. m. to 3 a. m. ; and in VI from about 6 a. m. to 6 p. m. In the other 
snails of this species studied the same type of cycle of escape of 
cercariae with its variations in different specimens can be traced (see 
Table 1 ) . While there are certain slight variations in these waves, their 
constancy even over a considerable period is very striking. I have no 
explanation to offer for this phenomenon, which can only have its origin 
in a periodicity of development of the cercariae themselves. 
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This same type of periodicity is manifested by Cercaria emarginatae 
in its escape from Lymnaea emarginata angulata, as can be seen from 
Table 2. C. emarginatae is also a forked-tailed cercaria, although the 
presence of a pharynx places it in a different group from C. elephantis. 

The studies on the echinostome cercaria and the stylet cercaria were 
made chiefly to compare their cycles with the two forked-tailed species. 
The cycles of escape of these cercariae from their snail hosts were found 
to be quite different (see Table 2). In the echinostome species the 
escape of the cercariae was almost entirely limited to the daytime. In 
this connection it is interesting to note that echinostome cercariae show 
a very striking positive reaction to light. The stylet form studied 
escaped from its snail host during the whole 24 hours, although there 
was a distinctly smaller number which escaped during the night than 
during the day (see Table 2). 

The results of the experiments outlined above on the escape of 
cercariae from their snail hosts are in many cases more suggestive than 
conclusive. They certainly show, however, that further work along 
this line will be profitable. Since the purpose of the free life of the 
cercariae is entrance into the definitive host, it is very possible that a 
study of this same problem for the cercariae of the human trematodes 
may shed light on the general problem of human infestation and give 
data of value in control. 
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